Deletion studies of NP1 revealed that the amino-termiassociate with NP1 in a Sema3A-independent fashion. 
et al., 1999). However, precisely which Plex mediates logic assay allowing varied protein expression is resignaling by which Sema3/NP complex is not known. quired. Since this is not possible in primary neurons Furthermore, the mechanism by which Sema3/NP combecause of endogenous Plexins and inefficient transfecplexes activate Plex is a mystery. Interestingly, the ectotion rates, we have utilized a COS-7 cell contraction domain of Plex contains a sema domain related to assay. This assay is based on our previous observation Sema3 ligands. What is the role of the Plex sema dothat class3 semaphorins induce the contraction of COS-7 main? In this study, we show that PlexA1 and PlexA2, cells expressing both PlexA1 and NP (Takahashi et al., but not PlexA3, mediate Sema3/NP signaling. Further-1999) . Here, we expressed PlexA1, PlexA2, or PlexA3 more, we present evidence that the sema domain of in COS-7 cells together with NP1 or NP2. Transfectants PlexA1 is necessary to maintain PlexA1 in its basal inacwere incubated with 3 nM Sema3-AP (alkaline phosphative state. Sema3A/NP1 complexes appear to release tase) at 37ЊC for 1 hr and visualized by AP staining or this autoinhibition.
epitope-tag immunostaining. We measured the fraction of cells with a reduced cellular area (Takahashi et al., 1999 2B) . Furthermore, PlexB1 and PlexB2 were also inactive in this assay (data not shown). Thus, Sema3 signaling requires PlexA1 or PlexA2, but specificity is largely determined by the NP compliment of the cell. A recent report described Sema3A-induced cell death of nerve growth factor (NGF)-dependent sensory neurons after a 24 hr exposure to semaphorin (Gagliardini and Fankhauser, 1999). This raises the issue of whether the cell contraction response is part of an irreversible cell death response or whether it is a reversible effect on the cytoskeleton similar to growth cone collapse. NP1/PlexA1-expressing COS-7 cells were treated with Sema3A for 1 hour to induce contraction and were then incubated in Sema3A-free medium for an additional 12 hr ( Figures 1D and 1E ). The total number of NP1-expressing cells in NP1/PlexA1-transfected cultures is not reduced by Sema3A treatment, during the period 0-12 hr after exposure to Sema3A (108 Ϯ 13% of control cultures at 0 hr after treatment and 98 Ϯ 17% of control at 12 hr after treatment). Furthermore, the majority of cells expressing NP1 resume a spread morphology during the washout phase, indicating that the contraction response is reversible and not secondary to the onset of a cell death process ( Figures 1D and 1E ). The data are most consistent with COS-7 contraction reflecting a cytoskeletal event similar to growth cone collapse.
Sema Domain Deletion Mutants of PlexA1
Are Constitutively Active Plexins have a large extracellular portion that includes a sema domain. The conservation of this domain between ligand and receptor raises the questions of its functional role. For Sema3A, it is clear that the sema domain is the primary signal directing axonal repulsion. To explore the role of sema domain of Plex, we have analyzed the activity of various Plex deletion mutants. Because only PlexA1 and PlexA2 mediate Sema3 signaling in COS-7 cells and because they are functionally identical, we have focused on PlexA1. The PlexA1 vectors direct expression of PlexA1 lacking the sema domain (PlexA1⌬-sem), the entire ectodomain (PlexA1⌬ect), or both ectodomain and transmembrane region (PlexA1cyto) ( Figure  2A) . Each of the PlexA1 mutant proteins includes a Myc epitope tag. The morphology of COS-7 cells expressing each of these proteins was assessed after a 24 hr incubation by Myc immunohistology. Although wild-type PlexA1-expressing COS-7 cells are well-spread, PlexA1⌬ sem-or PlexA1⌬ect-expressing COS-7 cells are contracted ( Figures 2C and 2D) . We also examined PlexA3 as a control because PlexA3 does not mediate Sema3/ 
with PlexA1⌬sem Protein
Anti-V5 immunoblot demonstrates that PlexA1sem Based on the fact that PlexA1⌬sem is constitutively acphysically associates both with PlexA1⌬sem and wildtive, we hypothesized that the PlexA1 sema domain type PlexA1, but not with PlexA1⌬ect. Anti-V5 antibody (PlexA1sem) maintains basal inactivity by binding and blotting of cell lysates reveals an equal amount of PlexA1 inhibiting the remainder of PlexA1. As a first step, we sem expression among these preparations. These reexamined the association between PlexA1⌬sem and sults demonstrate that the sema domain of PlexA1 binds to the carboxyl half of the PlexA1 ectodomain. PlexA1sem. We cotransfected an expression vector for 
PlexA1⌬sem and PlexA1⌬ect Are Constitutively Active in DRG Neurons
To confirm that PlexA1⌬sem and PlexA1⌬ect mutants growth cones. If the collapsing effect of PlexA1⌬sem is due to the activation of specific signaling cascade rather are consitutively active in neuronal cells as well as COS-7 cells, we introduced these mutant genes into dissocithan a nonspecific toxicity, then it should be reversed by excess PlexA1sem, as observed in COS-7 cells (Figure 4 ). ated E7 chick DRG neurons by infection with recombinant herpes simplex virus (HSV). One day later, growth Indeed, coinfection of PlexA1sem virus reverses PlexA1⌬-sem-induced growth cone collapse, but not PlexA1⌬ect-cone morphology was examined. Growth cones of uninfected, wild-type PlexA1, or PlexA3⌬ect-expressing DRG induced collapse ( Figure 7C ). Thus, there is an intramolecular plexA1 activation pathway controlling DRG growth neurons exhibited similarly broad lamelipodia. In contrast, the majority of PlexA1⌬sem and PlexA1⌬ect-cone morphology. Growth cone collapse by Sema3A is associated with expressing DRG growth cones were collapsed and were indistinguishable from Sema3A-treated DRG growth reduced neurite outgrowth. To the extent that the truncated PlexA1 mutants function in a similar fashion to cones (Figures 7A and 7B) . Thus, both PlexA1⌬sem and PlexA1⌬ect appear constitutively active in neuronal Sema3A-activated receptors, a reduction in neurite out- growth should result from their expression. To explore Thus, the truncated PlexA1 mutants fully activate the Sema3A signaling pathway in DRG neurons. this prediction, dissociated E7 chick DRG neurons were infected with recombinant HSV preparations for 12 hr in suspension culture to allow for protein expression, PlexA1sem Blocks Sema3A-Induced Growth and then outgrowth was assessed during a 6-hr period Cone Collapse in DRG Neurons on laminin-coated surfaces. Neurites of noninfected, Because PlexA1sem attenuates Sema3A action in nonPlexA1, or PlexA3⌬ect-expressing DRG neurons are signifneuronal COS-7 cells, we tested whether PlexA1sem icantly longer than PlexA1⌬sem-or PlexA1⌬ect-expressmight block Sema3A-induced growth cone collapse in ing neurons (Figures 7D and 7E) . Furthermore, 10 nM E7 chick DRG neurons. We purified PlexA1sem by virtue of Sema3A decreases neurite outgrowth in control culof its His tag from the medium of PlexA1sem-expressing tures to the same level observed in PlexA1⌬sem-or HEK293T cells. Purified PlexA1sem (10 nM) was incuPlexA1⌬ect-expressing neurons. Consistent with conbated with chick E7 DRG neurons for 30 min prior to stitutive PlexA1 activation, 10 nM Sema3A had no further Sema3A exposure. This concentration of PlexA1sem reinhibitory effect on neurite outgrowth in PlexA1⌬sem-duces the potency of Sema3A as a growth conecollapsing agent by a factor of four ( Figures 8A and 8B ). or PlexA1⌬ect-expressing neurons (Figures 7D and 7E) . 
